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Summary

Mechanical properties of several aluminum and reinforced plastic honeycomb
cores are presented along with details of the methods used to determine them.
Properties that were evaluated included density, foil thickness, flatwise
compressive strength, compressive modulus of elasticity, shear strength, and
shear modulus. Analysis of experimental data includes relationships between
compressive strength and density, between compressive and shear strength,

and between shear properties in two principal directioms.

Introduction

Lightweight structural panels suitable for use in modern flight vehicles can
be produced by bonding facings of a thin strong material to a core of thick,
low-density material. The need for suitable core material has resulted in
production of honeycomb-like cores formed of thin sheet material., Composite
constructions made with cores of this type and the successful application of
this construction in structures requiring high strength-to-weight ratio have
demonstrated its practicability.

lThis report is one of a series (ANC-23, Ttem 57-2) prepared and distributed
by the Forest Products Laboratory under Bureau of Naval Weapons Order No.
19-61-8041 WEPS and U.S. Air Force Contract No. DO 33(616)61-06. Results
here reported are preliminary and may be revised as additional data
become available.

2Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.
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Previous evaluations of the properties of honeycomb corzs have been reported .

in Forest Products Laboratory Reports Nos. 1849,= 1855,~ and 1861.~ Since
these reports were prepared, more cores have become available and improvements
in the fabrication of cores have been made. This study was undertaken to
evaluate honeycomb cores of aluminum alloy 5052H39 that were commercially
available. Some exploratory work was also done on core materials that were
either in limited production or experimental in design, samples of which
included: (1) other 5052H39 cores; (2) 2024T4 aluminum alloy coresj (3) an
aluminum core with staggered cells; and (4) cores made of heat-resistant
reinforced plastic. Because the successful design of composite constructions
does not depend on core properties as much as it does on facing properties, L
no attempt was made to obtain enough samples to arrive at guaranteed minimum
values, as would be done for many structural materials.

Description of Cores

Commercial Aluminum Cores

Four commercial aluminum honeycomb cores were obtained. These cores were of
5052H39 aluminum alloy foils with nominal thicknesses of 0.0007, 0.002,
0.003, and 0.004 inch expanded to nominal 1/4-inch hexagonal cells. The
foils were pierced with fine holes to allow solvents to escape during bonding
of a composite panel, and the core was designated as permeable by the manu-
facturer. Twelve 1/2-inch-thick sliceg were obtained of each of the cores.

Experimental Aluminum Cores

For exploratory evaluation, several experimental cores of aluminum honeycomb
were obtained in thicknesses of either 5/8 or 1/2 inch. The 5/8-inch-thick
slices included 0.0007-inch 5052H39 foil expanded to 1/4-inch cells, 0.001-
inch 5052H39 foil expanded to 1/8-inch cells, and 0.004-inch 5052H39 foil
expanded to 1/4-inch cells. The 1/2-inch-thick slices were of 0.002-inch
5052H39 foil corrugated to l/4-inch cells, 0.003-inch 2024T4 foil corru-
gated to 1/4-inch cells, or 0.003-inch 2024T4 foil corrugated to 3/8-inch
staggered cells.

Cores of 0.001- and 0.004-inch 5052H39 aluminum foil that were received in
5/8-=inch thicknesses were cut to 1/2-inch thickness.

iKuenzi, Edward W. Mechanical Properties of Aluminum Honeycomb Cores,
Forest Products Laboratory Report No. 1849, 1955.

&Kuenzi, Edward W., and Setterholm, V., C. Mechanical Properties of Aluminum
Multiwave Cores, Forest Products Laboratory Report No. 1855, 1956.

iKuenzi, Edward W. Mechanical Properties of Glass-Fabric Homeycomb Cores,
Forest Products Laboratory Report No, 1861, 1957.
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The foil of the cores with corrugated 1/4-inch cells was perforated with
1/32~inch holes for solvent ventilation.

The foil with modified 3/8-inch hexagon cells, in which adjacent ribbons were
staggered or offset one-half their cell dimension in the ribbon direction,
was unperforated. This cell configuration, shown in figure 1, allows easy
bending of the core without severe anticlastic curvature.

Plastic Cores
Experimental cores of heat-resistant reinforced plastic were 1/2 inch thick
and had 3/16-inch hexagon cells. They had a density of 9 pounds per cubic

foot and were made of phenolic and silicone resins reinforced with glass
fabric and asbestos mat.

Weights and Measurements

Pieces of core in the thicknesses received were trimmed square and weighed;
where a large piece was received, a 2- by 2-foot square was cut from the
piece, then the square weighed and measured to obtain the demsity in pounds
per cubic foot (tables 1 through 4). Core thickness was measured to the
nearest 0.001 inch and the other dimensions to 0.0l inch. Cores were weighed
to the nearest gram on a laboratory balance.

Foil thicknesses from each sample of aluminum core were measured on a strip
that was one cell in width cut perpendicular to the ribbon directiom. A dial
gage micrometer reading to 0.0001 inch and mounted in a rigid stand was used
'to measure the foil thickness. Measurements were estimated to one-tenth of
a dial division, or 0.00001 inch. A 1/32-inch radius point was attached to
the dial stem. The anvil was a steel ball of 1/16-inch diameter, which was
mounted at the apex of a metal cone attached to the base of the dial-
supporting stand. The anvil and dial stem were electrically connected in
series with a bulb and battery, so that contact between them or through the
core foil closed the circuit and lighted the bulb. Bonded-core foils were
measured in areas clear of adhesive, which were found by moving the foil
between the dial point and anvil until the bulb would light. No attempt was
made to scrape adhesive from the foil, because scraping could also remove
some aluminum and thus give incorrect thickness values.

Preparation of Specimens and Test Methods

Flatwise compression specimens 2 by 2 inches square and with a nominal thick-
ness of one-half inch were cut on a bandsaw. The foil ends of the flatwise
compression specimens were reinforced to prevent their rolling and buckling
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when loaded. The top and bottom of the specimens were dipped in a refractory .
heat-resistant cement, which formed a 1/16-inch fillet on the foil edges when
hardened. The reinforced plastic cores, as well as the aluminum cores, were

end dipped before being loaded in flatwise compression.

Specimens that were cut from the reinforced plastic cores were divided into
two groups. Specimens to be evaluated at room temperature, 250°, and 350° F.
were conditioned at 75° F. and 50 percent relative humidity for at least 1
month., Specimens that were to be evaluated at 250° and 350° F. were then
conditioned in an electric oven for 1/2 hour before load was applied. The
remaining specimens were placed over water in a closed container for a mini- ‘
mum of 60 days where the temperature was maintained at 100° F. so that the
relative humidity was essentially 100 percent before being evaluated. The
specimens were removed from their storage conditions one at a time immediately
before testing. The work was completed within 100 days from the start of the
conditioning period.

Flatwise compression specimens were evaluated in a hydraulic testing machine.
The rate of motion of the movable head was controlled between 0.0015 and
0.003 inch per minute, depending on the strength and stiffness of the speci-
men, so that the maximum load occurred in 3 to 6 minutes. Deformations were
measured for some constructions, and the modulus of elasticity of the core is
given in table 1. A deformation gage with a gage length of one-fourth inch
was developed that was similar in mechanical arrangement to a Lamb's roller
compressometer. Deformations were read in the same manner as with a Marten's
mirror compressometer, the image of a crosshair projected on the movable
mirror attached to one steel roller being reflected back to a graduated scale.
The gage was made of stainless steel and was calibrated with a modified Zeiss
optimeter. Figure 2 shows a specimen with the gage in place.

Shear

Core shear specimens 2 by 6 inches and of nominal 1/2-inch thickness were cut
from core samples with a bandsaw. Core specimens were cut with the core
ribbons oriented parallel and also pergendicular to the 6-inch length. Shear
properties in two principal directions®,parallel (TL) and perpendicular (TW)
to the core ribbon, could be evaluated. Shear specimens that were cut from
the reinforced plastic cores were then divided into two groups, and each
group was conditioned in the same way as their corresponding groups of flat-
wise compression specimens. Core shear specimens were evaluated by the two-
plate shear technique. The core shear specimen, therefore, had to be bonded
between two steel plates 1/2 inch thick, 2 inches wide, and 8-1/2 inches long,
The steel plates were first cleaned with a power-operated steel brush to
remove any adhesive remaining from previous use. They were then wiped clean-

QDepartment of Defense. Sandwich Constructions and Core Materials; General
Test Methods. Military Standard 401A, June 1956.

Report No. 1887 4=




with acetone and etched in a solution of 10 parts concentrated sulfuric acid,

1 part sodium dichromate, and 30 parts distilled water for 10 minutes at
150° F.

After the etch bath, the plates were rinsed in steam and water, and wiped with
a wet cloth. They were then wiped with a dry clean cloth and air dried for

30 minutes at 110° F, in a box equipped with a recirculating fan. Core speci-
mens were brushed to remove loose material before they were bonded to the
loading plates.

A uniform adhesive coating of from 6 to 22 grams, the weight being constant
within each group of specimens, was applied to each of the clean, dry steel
plates. The plates and core were assembled in a metal jig that alinmed the
core with the plates, and the entire assembly was placed in a hydraulic press
with electrically heated platens.

Aluminum core specimens were bonded with an epoxy-resin adhesive with 8 per-
cent catalyst and were cured under a pressure of 15 pounds per square inch
at 200° F. for 2 hours.

Reinforced plastic cores to be studied at 250° and 350° F. were bonded with
the same adhesive system as the aluminum cores.

Cores of reinforced plastic that were to be studied after conditioning at

75° F. and 50 percent relative humidity were bonded with another epoxy-resin
adhesive, which had 30 percent by weight of chopped glass fibers added to
stiffen the adhesive. This adhesive was applied to loading plates previously
coated with a cured vinyl phenolic liquid adhesive primer. The adhesive was
finally cured for 2 hours at 10 pounds per square inch at 160° F., the bond~-
ing being done in the same room where the core was conditioned. The bonded
specimens were stored in the conditioning room to allow them to return to
equilibrium conditions before they were tested.

Reinforced plastic cores that were conditiomed at 100° F. and 100 percent
relative humidity were bonded with epoxy-resin adhesive, with 8 percent
catalyst and 10 percent glass fibers by weight. The assembled specimens were
enclosed in a plastic bag and placed under a pressure of 15 pounds per square
inch in a cold press overnight. They were then placed in a humidity box at
150° F., with a wet-bulb reading of 135° F., for onme more day to cure the
adhesive further and to prevent the core from losing moisture. The bonded
specimens were placed back in their storage trays at the original condition
until they were tested.

In order to conduct the shear tests, opposite ends of the steel plates were
fastened to links and hung in the testing machine as shown in figure 3. A
tension load was applied to place a shear load on the core in the 6-inch
direction. The movable head of the testing machine was controlled so it
would travel between 0.0l and 0.03 inch per minute, depending upon the par-
ticular core construction; the speed was selected so that it would place a

- maximum shear load on the specimen in 3 to 6 minutes. Shear deformations
were determined by measuring the displacement of the two loading plates with
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respect to each other. The first tests to measure the displacement were made .
with a Marten's mirror apparatus (fig. 4). Cores of 5052H39 aluminum, with

1/4-inch cells expanded from foils in thicknesses of 0.001, 0.002, 0.003, and

0.004 inch, were evaluated using the Marten's mirrors. Some additional speci-

mens in foil thicknesses of 0.003 and 0.004 inch then were prepared and the

shear tests repeated, using a dial gage reading to 0.0001 inch to measure

shear displacement (fig. 3). Some tests at elevated temperatures with the
reinforced plastic cores were made using the dial gage to measure displace-

ments. Shear strain in the core was determined by dividing the measured dis-
placement by the core thickness. Thus, the shear strain may be in error, as

the measured displacement will include slip in the adhesive bond between the

core and loading plates if it occurred. The slip was believed to be small '
where only a thin spread of adhesive was used, however, because the core could

be pressed through the adhesive until it contacted the steel plates.

Presentation and Discussion of Results

Commercial Cores

Data for the commercially produced honeycomb cores of 5052H39 aluminum are
given in table 1.

Measured foil thicknesses of these cores were within 10 percent of nominal
values except with the foil of nominal 0.0007-inch thickness on which actual
thicknesses of 0.00099 inch were measured. Computations of corg density
based on measured foil thicknesses were made using the formula,= W = 450t/s,
in which W is core density in pounds per cubic foot, t is foil thickness, and
s -is cell size. The results were within 10 percent of actual core density.

Compressive moduli of elasticity were computed from deformations measured on
cores of 0,002-, 0.003-, and 0.004~inch foil. Foil of 0,0007-inch thickness
was not stiff enough to support the deformation-measuring apparatus. Average
values given in table 1 were about 15 percent higher than would be expected
from the weight of the cores. The expected elastic modulus of a core of
5052H39 aluminum alloy can be obtained as Ep = 10,200,000 W/168, where W

is the core density and 168% is the weight in pounds per cubic foot and

10,200,000L the elastic modulus in pounds per square inch of the alloy.

Foil stresses that were computed from core compressive strength values by
means of the formula Fy = 168Fp/W were found to vary from 12,000 pounds per
square inch for the core of nominal 0.0007-inch . foil to 30,300 pounds per
square inch for the core of nominal 0.004-inch foil. Previous work= had
shown the foil stress to be nearly constant at core failure. Compressive
strength values are plotted versus core density in figure 5. The relation~
ship between strength and density is mnot linear but may be fairly well

7 :
“Department of Defense. Strength of Metal Aircraft Elements. Military
Handbook No. 5, 1959.
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represented by the formula

5/3
Fp = 45W

where Fr is core compressive strength in pounds per square inch and W is core
density in pounds per cubic foot,

Shear properties in planes parallel (TL) and perpendicular (IW) to the core
ribbon direction are presented in table 1 for samples of the commercial core.
All the shear specimens failed in the core itself except those of the 0.004-
inch foil, which failed either in the core or in the bond between the core
and plates. The results for specimens that failed in the bond between the

core and plates are included in table 1, as extensive cell buckling was
visible in the core before failure.

Shear deformation values were obtained using both the Marten's mirrors and a
dial gage, and are shown in table 1. The values for shear modulus determined
from dial gage data were consistently higher than the corresponding values
from the Marten's mirror data, the maximum difference being about 30 percent.

When shear modulus values were calculated, the actual core thickness was
reduced 0.00039 inch for every gram of adhesive because of the heavy adhesive
spread used to bond the specimens._ Shear modulus values for the TL plane
were calculated using the equation= Gy, = 5,160,000W/456 where W is the core
density. This is based on a foil modulus of rigidity of 3,850,000 pounds per
square inch. Computed moduli of rigidity averaged about 15 percent less than
the measured values,

A comparison of the moduli of rigidity in both directions is shown in figure
6. The relationship between the values (Gqy, = 0.41 Gry) agrees with that
given in a previous report.=

Buckling criteria applied to the cell walls did not provide a basis for
estimating shear stresses at proportional limit or shear strength in the TL
direction. Figure 7 shows the average values of shear strength plotted against
the core density. The equations FyL, = 110W-80 and Fry = 55W-40 appear to fit
the data and could be used to estimate the shear strength of similar core of
the same alloy. It is also apparent from these formulas that Fq= 1/2Fpr,.

The relationship presented in the previous report-:i was Fpy = 0.54TpL, + 35.

It is shown in figure 7 that the shear strength is related to demsity, and,
therefore, that core compressive strength is related to demsity; in figure 8
the relationship between shear strength and compressive strength is shown.
The equation Fpp, = 0.594Fp presented in a previous report= agrees with the

present data.

Report No. 1887 -7~




Experimental Cores .

Compression and shear values were obtained for three expanded cores of
5052H39 aluminum foil (table 2). These cores were received in 5/8-inch
thickness and the two heavier cores were cut to a 1/2-inch thickness for
evaluation.

The densities of these cores are different than the cores reported earlier in
this report; however, the nominal foil thicknesses are the same. When the
compressive strength of the cores was calculated using the relationship to
density presented previously, the calculated compressive strength values were
within 15 percent of the measured values, Similarly, shear strength in the
planes evaluated were calculated using the relationship presented previously.
The calculated values of shear strength in the TL plane were within 10 per-
cent of the measured values and in the TW plame were within 20 percent of the
measured values for the two lighter cores. It was not possible to correlate
the shear strength of the heaviest core to density as these specimens failed
in the bond between the core and loading plate.

Mechanical properties for the few experimental aluminum cores that were
evaluated at elevated temperatures are presented in table 3. Limited data

on the shear properties are presented because of difficulty in failing the
specimens and the limited amount of material available. The strength-to-
density ratio in both compression and shear for the corrugated cores is less
than for the expanded cores. This is due to the larger amount of adhesive
used in fabricating the corrugated cores, which increases their density.

The reduction in compressive strength was from 3 to 40 percent at 250° F. and
from 16 to 57 percent at 350° F. Core of 2024T4 aluminum had the least loss
in strength and the staggered-cell core had the largest reduction in strength
at 250° and 350° F. As shear strength was shown previously to be related to
compressive strength, the reduction in strength at elevated temperatures
would be expected to be of the same magnitude. The limited values that are
presented appear to substantiate this theory.

For the four reinforced plastic cores tested in flatwise compression, the
phenolic cores were found to have much greater strength than the gilicone
cores at every exposure condition (table 4 and fig. 9). Phenolic core with
glass fabric was a bit stronger than phenolic core with asbestos mat, but
silicone core with glass fabric was weaker than silicone core with asbestos
mat. All the plastic cores lost some strength when exposed to high humidity
or elevated temperatures. After wet conditioning, the compressive strength

of the phenolic cores of glass fabric or asbestos mat was reduced by about 25
percent, while the strength of the silicone cores was reduced by about 15 per-
cent, The compressive strength of phenolic cores tested at 250° F. was
reduced by 10 percent or less of the room temperature values, while the reduc-
tion in strength was as much as 60 percent for the silicone cores. The
strength values at 350° F., were less than those at 250° F., but the additional
loss in strength was less than 10 percent.

Report No. 1887 -8~




A few shear tests of reinforced plastic cores were made at 250° and 350° F.
but these specimens failed in the bond between the core and loading plates,
and the magnitude of any trends was obscured.

The effect of exposure to a high relative humidity on the reinforced plastic
cores was clouded by the difficulty in bonding these specimens. The strength
appeared to improve in the TL plane for all the cores except the silicone
asbestos and to be reduced in the TW plane for all the cores.

Design Values

Core properties are of secondary importance in the design of structural sand-
wich constructions, because the facings are the primary load-carrying portions
of sandwich. Therefore, it was not considered necessary to obtain '"guaranteed
minimum" values for cores as are usually obtained for the facing materials,

By using the minimum value of 12 determinations of a property as a design
value, the statement can be made that 78 percent of the population will exceed
this minimum value 95 percent of the time.8

Of secondary importance to designers are the elastic properfies of the cores;
that is, compressive modulus of elasticity and shear modulus. The modulus of
elasticity, ET, and the shear modulus, Gy, or Gry, are contained in parameters

for determining the wrinkling of sandwich facings under edge load. The shear
moduli, Gpp, or Gpy, are also involved in parameters for describing the buck-

iing of sandwich under edge load and for determining the deflection of sand-
wich under transverse load. Since the values of these elastic properties are
of secondary importance in design, the values chosen are near the average for
the particular core rather than minimum values., Entire stress-strain curves
for use in design are presented in figures 10 to 16. The curves were drawn
by first plotting the stress-strain data for the specimen having the least
strength, thus defining the general shape of the curve and locating the
maximum stress point with its associated strain. Then the minimum propor-
tional limit stress level (not necessarily the proportional limit stress for
the same specimen that had least strength) was located on the curve sheet as
a horizontal line. The initial part of the stress-strain curve was then
located with a slope near to the average modulus and so that the curve could
be faired in to fit the portion beyond proportional limit.

Conclusions

An analysis of the properties of cores in this report by means of previous
empirical formulas shows that the mechanical properties of aluminum honeycomb
core can be predicted approximately if core density is known.

Ehilks, S. S. Sampling and Its Uncertainties. American Society for Testing
Materials Proceedings, Vol. 48, 1955.
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Tegble 1.--Mechanical properbics wt room temperature of hontyeomb core of commercially produced
Toarmeable 5092019 alumipun Tofl of Tour thickneswed capmided to Lji-lnch velle

Average core ¢ Average : Flatwine compression B Shear parallel to core ribbon (TL)l : Shear perpendicular to core ribbon ('I'W)l
deneity  FOLL  fammtmmmmmmmme + immm = mamml SRS mmm e e S 4= em e em s =S s s osemmlome oot mmmmmmddmmmemmm e s sn e e e
thickneas Propor-:Maximum:Modulus of: Propor- : Maximum : Shear modulus GTL : Propor- : Maximum : Shear modulus G'IW
ttional :stress elasticity tional 8 streprn B : tional : stress
: 1imit ¢ a 1limit 8 8 g limit
8 stress 8 : stress g B : ntress
Lb. per cu, ft. ¢ In, :P.g.i. :P.s.i. @ 1,000 : Pemd. = P.s.1. : P.e.l. P.s.1. ¢ P.s.i., ¢ P.s.i.
g R H : p.s.i. : X g g
CORE OF NOMINAL 0.0007-INCH FOIL
2.01 : 0,00099 90 ;138 : 2h,200 38 : 89 : 11,500
1.98 00099 8o : 138 + 19,200 s 36 : 80 : 9,900
2.01 00100 : 92 : 1bo : 21,900 : 35 : 81 : 10,300
1.99 00099 3 7 : 135 : 21,400 t 37 : 80 :+ 10,200
1.97 ¢ .00099 : 93 T 143 ;22,300 : 39 s 81 : 10,600 .
2.00 : .00100 : 85 LT : 16,k00 : ho : 78 : 10,500
2,02 + ,00099 : 87 ;135 : 19,600 : 27 H + 9,000
2.02 : .00099 i 80 : 134 : 23,500 : o7 s 66 : 8,h00
2,01 : .00100 1 81 : 134 ;19,100 : 36 s T : 10,200
1.9 t 00099 ! 92 :132 1 19,h00 i 36 ;82 + 11,700
1.97 .00099 : 102 : 139 : 19,800 : 36 : 78 : 11,100
1.96 .00099 ; 83 : 125 ;18,300 : 36 : 79 : 9,300
Av. 1.99 : 87 : 136 1 20,400 : 35 : 79 : 10,200
Min. 1.96 : : 125 : 16,400 : 27 : 66 : 8,h00
Mex. 2.02 B 145 : 24,200 : bo : 89 1 11,700
CORE OF NOMINAL 0.002-INCH FOIL
3.88 : .00200 :. 332 : kW51 236 : 186 To3e7 + 18,900 117 t 163 1 16,600
3.93 : ,00200 : 357 : W87 : 350 : 187 : 356 + 50,300 ;119 : 175 1 19,400
3.97 : ,00201 : 322 ¢ hhhko: 248 : 183 T 36k ;52,000 : 1 1685 + 1B,200
3.9h4 ,00200 @ 325 : W15 : 252 : 185 1 325 : 47,000 1115 : 168 : 18,700
3.87 ,00200 :  b55 @ 515 : 236 1 203 : 350 : 50,500 : 119 1 167 i 17,200
3.9 L00200 ¢ 275 : 488 : 256 1 21k 1352 1 b8, 1122 : 159 ¢ 17,500
3.99 L00204 : 298 : 515 : 169 : 183 371 : 50,800 : 10% i 170 : 19,000
3.88 ,00201 ¢+ he3 : 508 : 205 : 189 1 322 ;7,100 T 122 1159 18,000
3.89 ,00201 @ 372 : 493 : 264 : 188 s 337 ;146,800 =i : 169 1 20,B00
3.90 ,00201 : 348 :  4BO : 394 1 218 : 330 : k6,600 ; 192 1 167 t 15,500
3.96 + .00204 325 513 ¢+ 22h 1 202 s 354 = k7,900 By r 161 : 17,800
3.92 : .0020% : 322 : 15 : 276 : 185 317 1 36,900 ;128 r 186 t 25,500
Av.  3.92 : .0020L : 346 : kYT : 259 : 194 ;o 3h2 + 7,700 : 119 : 166 : 18,700
Min. 3.87 . 00200 : 275 : W15 : 169 : 183 : 317 t 36,900 : 109 : 159 : 15,500
' Max. 3.99 L0020k ¢ 455 : 515 : 394 : 218 : I ;52,000 1127 : 175 : 25,500
CORE OF NOMINAL 0,003-INCH FOIL
| £,k s 003/A ;. 70h ;. Bhl : BoO : Pl : 538 v Bz,Aoa : 182 r 297 = 30,700
5,73 (5.73): .00316 ¢ 589 b o 5pn : 3TH {330} @ shh Zegy7y ¢ 76,800 (65,300) : 166 (206) : 267 {308) : zh,500 (38,900)
| 5,52 :oo0300 ¢ 6lg @ Bha o L3 : 329 1 hBS : B2,000 : 153 i 5 r 2h, 300
. 5.hL 00301 : 650 ¢ 875 360 1 310 : E0@ : 76,000 3 159 i 1 29,400
5.90 (5.90): .o0307 @ RS : 9311 hle @ W0 (31i) : 591 : 73,500 (79,0000 @ 15l (197} : 290 {209) : ay,000 (31,500}
i £.00 : .0030L ¢+ B95 : 1,020 : 355 387 2622, : 7, Bon 1 179 + 285 25,600
5.00 (5'80;: o030l ¢+ A0 ¢ BET o R = 531‘3; 1 573 —(511% : &k,300 (87,400} @ 1B3 {205) : 283 Eegh) : 9-'. 100 (32, 100%
5.02 (5.92): .00301 : : : . op1 &{zeo} = 76,800 (89,800) : 138 (157) : 288 : 2s,hoo {32,500
| £.00 5 L0030) i /7 : 588 DT, 1179 4173) ¢+ 287 1 25,7
: 5,90 55.96%: LDOA0L i.. Fa t 576 2§535; ; A2,800 (B1,400) ¢ 183 - an&; i 26,800 {35 ,600)
5.96 (5.96): .00301 : : 206 (555} : Bl.s00 {71,b00) : 1BA (18g) : 268 (204) : 24,300 33,300
, £.12 HRA [ 0 LR H s 575 t Th,100 17 : 262 : 23,k00
Av. 5.88 (5.88): .00308 : b 3l : 66 00 100) : 171 (188) : 276 (298) : 25,700 (34,000
Min. 5.hb 22.733: .oo%oo B 325 B %92 f§§3§ B 2 2553 B gg:gOo i%?’3oo§ B 1?1 21573 1 256 éage; s 23, > 100 231 5003
Max. 6.1k (5.96): .00350 : 600 : 387 (358) : 622 (577) : 82,800 (89,800) : 184 (206) : 297 (308) : 30,700 (38,900)
CORE OF NOMINAL 0.004-INCH FOIL
1.69 y .ODk3C 1 1,200 ¢ 1,430 kB0 : 432 : 03 : 105,000 1 166 : 76 1 36, 1»00
T.90 : .ool30 9T : 1,370 ¢ %15 : ugh 155 : 116,000 ¢ 215 1 396 i 37,10
7.76 {7.76): 00430 : 1,000 : 1,333 : 519 ¢ 511 {390) -nho 20106) 1 109,000 [i0k,000) : 233 (208) : 379 {3g4]) : 30.9r:0 (38,700}
7.5 ;o L00k3G @ 1,200 @ 1,h60 ;560 50§ = £ 105,000 © 215 1 376 + 31, .
TS (T.65)1  J00M30 f.avawaat LB10 fueiiaeasant B84 (533} 2512 Brrr0) ¢ 101,000 (118,000) ¢ 215 (233) @ 300 (hob) ¢ 3?.300 (42;200)
= : LO0HFO fei.eaeed L,5W0 foociaeaeea? 51T 1 Bgog . lus.ooo 1 232 1 373 + 24,600
7.55 : L00k30 ¢ 1,187 : 1,h73 ¢+ 541 i L6O 2810 1 122,000 ;230 T 393 1 32,3
T.6h T.au%: 00k30 : 1,030 1 1,30 ¢ AR 50l 3373 ¢ Sy ,‘,(672) : 114,000 {123,000) : 2515 302 5371 1 29,h00 {37,400
Jo72 {7.72): .ock3o ¢ 7hB - 13h0 . keB ¢ bAS (508 : 2gos ZteTE) 1 107,000 {128, ooc% 30 (ea7) & 376 (ho) ¢ 30 Loo {46,500
v.69 {7.600: .00430 ; 837 ¢ 1,200 : 527 k2B !69; : 2679 6&:; + D&,D00 (126,000} : 196 Eaka : 384 (k10) ¢ 30,700 (46,700 -
702 (7.73): L0DM3D = 1,175 1 1,350 ¢ 50k ¢ h2o (ubg) : 776 Zigug) © 110,000  (93,600) @ 197 (192) @ 403 (376) @ 34,200 (36,700}
7.56 . .oohig @ &0 1 1,50 @ 5B} r 51E : Efh : 112,000 &, 20 : 361 1 28,700
&, 7.70 {7.70): 00430 : 1,012 : 1,386 : 535 : 479 (usk) : 37 2(690) : 109,000 (115,000) : 216 (215) = 383 (394) : 32,300 (41,400)
Min. 7.54 (7.64): .00M30 : 670 : 1,250 @ L2B : 428 (387) @ 7155 2(ehg) : 96,900 (91,600) : 166 (192) : 373 (371) @ 28,400 (36,700)
Max. T.90 (7.76)t .00430 : 1,210 : 1,540 : 689 : 517 (533) = 783 2(770) : 122,000 (128,000) : 251 (242) : 403 (810) : 37,300 (146,900)

-)ﬁva'luv_le ghown were obtained with Marten's mirror apparatus. Values shown in parentheses were obtained with dial gage using matched epecimens.

-Z-Failu.re in bond between core and losding plates. .

3-Averuge of specimens that did not fail in bond between core and loading plates.
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Table 2.--Mechanical properties at room temperature of honcycomb core of limited production of 1
permecable 5052H39 aluminum in various foil thicknesscs expanded to 1/4- or 1/8-inch cells™

Core o5 Foil 3t Flatwise : Shear parallel to Shear perpendicular to
density™ : thickness™: compression core ribbons (TL) core ribbons (TW)
] :  Maximum s Propor- : Maximum ¢ Shear Propor- : Maximum ¢ Shear
H : stress : tional : stress modulus : tional : stress ¢ modulus
: g : limit s Gy, : limit t Gy
: E ¢ B8tress @ ¢ s8tress :
Lb, per : In. B P.s.i. s+ P,s.i. : P.s.i. P.s.i. : P.s.i. Pa.di. P.s.i.
cu, ft. : : 3 2 g B
0.0007-INCH FOIL EXPANDED TO 1/4-INCH CELLS
LT S B R A I ; 110 H 29 d 107 : 22,800 38 H 55 : 5,210
oS5 Bacoooorosac ¢ 120 g 38 B 101 g 19,500 17 8 53 g 7,720
o@D 000 0000 coao 9 124 : 42 8 100 B 16,700 : 17 56 8 7,390
0071006 000908 6 aga oL 124 3 33 103 ] 21,900 13 57 : 10,700
aeodoonaooonoaab 126 g 50 106 g 19,900 15 8 57 : 8,060
e s 101 H 29 100 8 21,400 15 H 55 B 7,290
e e B 107 B H B
cooooBooooaoon oo H 114
.................. 113
................. : 107
Av, 1.59 : 0.00089 8 115
Min. 1.55 ¢+ .00085 B 101
Max. 1.64 : ,00095 8 126
0.004-INCH FOIL EXPANDED TO 1/4-INCH CELLS
7/dd® Gooeooacooan g 1,430 30G E"525 105,500 267 : 385 38,100
YoS5 Boooooooocoab 1,370 400 —610 104,000 250 365 41,700
7.82 tiiivaens..r 1,370 375 bs30 & 93,800 2%7 1 2373 : 40,400
e | 1,290 : 400 . 2500 H 99,000 230 =371 41,700
..... fHeoco0aaonook 1,220 1 400 r =540 : 104,000 267 ' 406 43,000
1,220 : 350 3 L4735 : 92,200 283 ; 408 41,700
................. H 1,290 T u By (P STPIFEPPRPNETIT [y SR Y
e 1,290 i i
et 1,340
- S 1,280
Av. 7.53 : .0044 H 1,300 370 g 535 B 99,800 : 264 391 8 41,100
Min, 7.42 .0043 B 1,220 300 g 475 92,200 : 250 B 365 i 38,100
Max. 7.56 + .0045 1,430 400 610 105,500 : 283 8 408 8 43,000
0.001-INCH FOIL EXPANDED TO 1/8-INCH CELLS
L 562 B 233 g 395 g 50,800 : 175 : 226 27,800
(hoSE] Boooo®oooooo f 631 g 250 - 394 8 59,500 : 183 232 8 30,500
4,50 H 616 300 g 402 3 58,800 : 192 H 229 B 30,200
bolooBroscpacticonol 490 g 300 g 407 61,200 : 183 228 30,400
628 B 233 g 373 60,700 183 226 28,300
..... | S 530 B 283 8 384 8 55,300 183 g 227 29,500
orooaBeooaonoooand 570 e e e e TR T T RN
..... 8o0cooopoognal 577 HooopooooongiopoccoodoanBaanooanpaa IR ' o
don0oBponoacnraao 0 631 BosonooppooBoooooonooccddacccadaanh : Cala i aea e
noooaBoooorepanas i 540 I T T T T e
Av. 4,51 : 00136 578 266 : 392 g 57,700 183 8 228 H 29,400
Min. 4,50 ;¢ .00130 g 490 Iz 233 373 8 55,300 175 B 226 8 27,800
Max. 4.53 ,00140 631 & 300 407 61,200 192 232 g 31,400
lA single 5/8-inch-thick piece of each core was received; the two heavier cores were cut to a

1/2-inch thickness for testing.

-ZThe sample of core was cut into three pieces and the density of each piece was calculated.

3Based upon 60 to 100 foil-thicknesses measurements.

&Specimen failed in bond between core and loading plates.
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Table 3.--Properties— of four types of aluminum honeycomb cores that were in limited

production or experimental in design

(W)

™

Properties : Core : Foil : Flatwise : Shear parallel to Shear perpendicular to
at - :density:thick- :compression: core ribbons (TIL) 2 core ribbons
E ! ness f======—===-= frw———m——smmmme————smme==——— femmmmmmmmmro oo mammm -
3 ¢ Maximum ;Propor-:Maximum : Shear  :Propor-:Maximum :
: : : stress s:tional :stress ¢: modulus :tiomal :stress 3
4 : 3 tlimit @ : Gpg tlimit :
g : 2 tstress 5 tstress : :
:Lb, per: Imn., : P.s.i : P.g.i.: P,s.i. ¢+ P.s.i : P.g,i.: P.s.di. ¢
cu, ft.: : g H - : ) -
0.002-INCH 5052H39 PERFORATED FOIL CORRUGATED TO 1/4-INCH CELLS
Room temperature: 5.49 :..... at 380 197 315 87,500 : 145 : 235
DOur i nnannns t 5.54 1...... 3 400 . 195 ¢ 319 : 64,700 : 125 : 186 :
Do....... daoBaoognaabocooon o 410 : 206 ¢ 318 : 265,500 2 124 : 186 :
Do...... AaH S = e n e a B coocogafloooooooosoas 167 : 323 : =82,400 : 125 : 191
Average.,.,.....: 5.52 : 0.002 : 397 s 191 : 319 : 75,030 130 : 199
3
250° F. 80000 pag Bracenoo 280 B 115 : 320 : 237,000 8 58 : 190 :
250° F. Srooaona#Boe 5oo 6ol 290 s 132 ¢+ _258 544,500 SooooapnB0000o0ce0 §
250° F. feeinnn T, T340 ;0 83 : 2248 : 248,500 1, ,.-u.l.icseanet
AVETape.. cvunn- o« Bowr ey S P 303 : 110 : 258 : 43,300 : 58 : 190
350° F, Bnoooaoo Sh oo o000 244 800 ooooo T T N TR N
350° F, Rooonooofopesaas H 255 Shocna0oBnnnog oo e80a noooo anad 36 @ 84
350° F. I e . 215 feirans ofioo0a00 o Aneoboonanod 32 @ 71
H g H 5 g B E 3 g
Average. ... vsralssnmnuadoacanes q 238 R gefogopoaoelobaaaacong 2 34 : 78
Room temperature: &4.54 :...,...% 475 g 248 : 373 77,200 : 155 : 216 :
DO, \sin = =lalmie = oofl (o5 Benoopoot 510 : 229 : 358 : 70,000 :....... Terracaaa :
190500900900 2 B.55 faaucecaferaarreiesst 2791 360 64,600 :.......: apof
Average.........: 4.55 : .002 : 492 : 252 : 364 : 70,600 : 155 :+ 216 :
250° F. 8coopooobgooaconf 453 g 198 : 315 : 45,100 : 115 181 :
250° F, S hdopacobBooaadal 482 : 188 ¢ 299 : 45,300 : 124 : 187
250° F. Booocoooc fopooto .t 500 B 207 : 331 47,400 : 116 : 195
Average.....ussrlaccursafanaras e 478 3 197 ¢+ 315 ¢ 45,900 : 118 : 188 :
350° F. 8cosn00s80 coaa ool 325 s 50 ¢ 171 ¢ 16,420 : 29 : 77
350° F. tesnennr Hpopoanpd 346 : 67 : 193 : 18,750 : 29 78
350° F. B sofosoosnol 343 g 90 : 183 : 12,900 : 37 : 83 :
Average..cerrvsstacanns Ssoomoae : 338 : 69 : 182 ¢ 16,020 : 32 1 79
(Sheet

Report No., 1887




1
Table 3.--Properties” of four tvpes of aluminum houeycomb cores that were im limited

production or

experimental in design (continued)

Properties t Core : Foil 1 Flatwise ; Shear parallel to g Shear perpendicular to
at - tdensity:thick~ :compression: core ribbons (TL) s core ribbons (TW)
: ; ; Maximum ;Propor-:Maximum : Shear :Propor-:Maximum : Shear
H 5 : stress stional :stress ¢ modulus :tional :stress ¢ modulus
H 5 5 :limit g Ger :limit 3 Gryw
H H istress H tgtress : ¢
:Lb. per: In, : P.gs,i. : P,s.i.:P.s.i.: P.s.i. : P.s.i.: P.g.i. ¢ P.8.i.
tcu, ft.: g § g : : g :
0.003-INCH 2024T4 PERFORATED ALUMINUM FOIL CORRUGATED TO 1/4-INCH CELLS
Room temperature: 6.03 :....... 3 657 e 250 494 78,400 : 149 : 258 : 43,200
Douvve-nnaniaat 6,03 .. ... a8 620 s 252 3 455 84,000 : 158 ¢ 299 : 61,900
95 0 08 00 0000 8 0dt3 Sooooooos 725 234 450 : 76,800 : 149 ¢+ 294 : 49,800
X3 poan ooacoos  @o®ih Bog .2 716 Booooooo Haoooooaa fetoataaann Boooooop8oopes A
Do,...uwn 06000 DA Qoo 0oo 3 620 HooBon oo Roodooooaioodooooos n8a nacodaog I TN IT AL,
DO., ......... nnaococaocnlmooa ool 665 e cmaLaa lasnennrs Sopoooo 4o mabrraanan HE P
Average.........: 6,03 : 0,0025: 670 T 245 466 2 79,800 152 284 : 51,600
250° F, 8 iaale Teiracaat 656 HEGEaoaE Hooanoano S.ienanaeeet 150 ¢ 261 : 37,400
250° F. Hosoenoak SEao 000 H 596 Aocoeonolooacoaoafoatnaaogal 141 275 : 37,200
250° F, Yoo oooso Sooooooe ] 634 Hocaoooo Amdd s Teraasannan fasadarrrda g s ]
250° F, 640 8 aa0o o o sanA oo e a0 S GaE nfnoalleaooBoopcaacas .
250° F., Q00 00d60 Reoa0oog & 642 I Tl ropeye Ay nf8ooapon anoofoaa oo 6o Booo oo P
250° F. Hoovoooofoboooood 652 Boooooo TR H e IR T L] Fasscsssamaarrasrnan
AVeTrage. ccvcenecico i nennrionnnanast 640 Bnoacoo o80a po oo gy $uiuienaa..2 145 ¢ 268 : 37,300
350° F, Snocoo0oo8ogoo000 3 490 75 }38 3 14,350 : 41 = 148 : 14,670
350° F, Bocooooo Sddooooof 610 61 3—97 3 12,760 : 54 3 137 : 12,650
350° F. BhpoasaoBoocnoaal 590 . 44 : =166 : 20,900 : 45 165 : 13,250
H B g 3 3 s : B
Average...oovu-n o I LI (| 563 60 138 : 16,000 : 47 ¢ 150 13,520
0,003~INCH FOIL CORRUGATED TO 3/8-INCH STAGGERED CELLS
Room temperature: 3.43 :....... H 202 : 100 167 : 56,100 : 43 @ 68 : 13,600
PPae0000 noooed ol Booooooo 3 240 : 116 174 : 57,250 : 42 65 : 12,950
DOcucncnnnnn-2 374 toi..cuae 236 s 118 ¢ 183 : 56,550 : 44 2 62 : 12,450
Doscaywivs RS 6 T P 8% a0aapossoo o nAnnaSna 0004 D0Rocoa ags realraaanan Booooooooflinosoaaso .
Average.,...,....% 3.55 : ,003 : 226 : 111 ¢ 175 : 56,630 : 43 : 65 : 13,000
250° F. e e e e e e ol e e 157 g 46 @ 100 : 23,390 : 25 3 45 ¢« 4,920
250° F. fa-ranns Hooapanc 1 106 g 46 90 20,980 : 24 41 4,410
250° F. BoooooooBasaooas ot 145 B 29 3 107 29,780 31 : 50 5,900
Average. . -viaafenna Aaag 08 136 : 40 ¢ 99 24,720 ¢ 27 3 45 5,080
350° F, Bocoaooa Booacas o8 115 3 17 48 @ 8,540 : 7°: 29 2,740
350° F. Bopooooofooonnos H 71 : 11 44 ¢ 9,800 : 11 : 32 2,450
350° F. Tovaasn-tuaa-naal 105 g 14 46 8,640 11 ¢ 27 |: 1,780
Average....-vavrfacuiranluancaait 97 g 14 46 8,990 : 10 ¢ 29 2,320

lShear deformation

gShear deformation

3
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measured with dial gages.

measured with Marten's mirrors.

ZFailure occurred in bond between specimen and loading plates.
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1
Table 4.--Properties— of reinforccd plastic honeycomb cores with 3/16-inch hexagonal
cells and densitics of 9 pounds per cubic foot

Properties : Core 3 [latwise compression Shear parallel o : Shgar perpendicular to
at - sdensity: . core rilbbena (TL) :  core ribbons {TW)
H :Prﬂpﬁr-:Muximum:ﬁndulus;?ropcr-:Haximum: Shear :Propor-:iMaximum: Shear
& :tional :stress : sklonal istrese ! modulus jtlonsl istrese ! modulus
3 tlimit: § tlimit ¢ i Gy slimit 3 P Gy
H tatress | H ratress 1 H jBLTEES 3 H d
: P.s.l.: P.s.i.: 1,000 ; P.s.i.: P.p.i.: Pam.d. t Bus 4.3 Pogoi.t Pemed,
: 5 t p.B.i.r 2 H H : ]
PHENOLIC-RESIN- IMPREGNATED GLASS FABRIC a
Room temperature : 8.77 : 1,050 : 1,670 : 150 : 233 : %682 : 71,500 : 158 : 463 ¢ 23,200
Do....... sieiaaaad 8,77 ¢ 930 : 1,660 : 208 : 262 : 3508 : 60,100 : 144 ¢ 457 ¢ 53,800
090 0g no 000 00 00 turnanaed 1,690 f.u.ua-. 284 @ T634 % 58,600 : 177 : 472 24,300
N0 nGooooooana By oiiiie-ew-rie-o.-iuat 286 3 =650 @ 64,000 f...0 aatusnarasta-asnnn-
Average. ...qirasnsnaai 8,77 2 990 : 1,670 + 179 : 266 : 618 : 63,600 : 160 : 464 ¢ 33,800
106° E., 100 percent i 3 Ty H : i B
relative humidity 1,304 : 98 @ 262 ; 5352 : 75,800 1.......3 35L i..aie..es
T e o i - et b I S g1 : 227 ¢ SHL4 : BTA00 f......ad 358 iia---i0s
1 T g, 200 iaieene s (218 0GP 62,800 @ 116 @ 343 23,150
- L T T L1 . I Poatcorea JZal = g46 : 40,600 @ 132 @ 344 21,020
| DOy sannammamnnnsstorssasstnrnnresbosesnssasenssns- B s i a b e e T R AN .+ 117 : 371 ¢ 21,500
] 3 H 3 i i : o 4 :
ETS N L.+ 786 11,261 : 94 : 234 : 2658 : 61,700 : 122 & 353 : 21,890
250° F. ot 990 11,730 : 136 : 32 : Z86: 7,000 : 44 : 295 : 7,060
250° F. tiiae-..3 1,190 : 1,600 ¢ 119 : 44 2 279 . 7,380 ¢ 44 :zﬂs : 6,680
250° F. e atioiaieat 1,600 100000k 36 z96 ¢ 13,200 : 44 3 %103 2 7,000
AVerage., ... . eanava--trarniia? 1,090 2 1,640 ¢ 126 : 37 87 : 9,190 : 4t s 95 6,910
350° F. d 1,350 : 1,610 : 108 : 105 : %305 : 27,400 : 72 %230 : 11,600
350° F. H e 330 : 1,270 : 91 ; 120 : =376 : 26,700 : 64 3263 : 12,400
350° F, : i B840 : 1,620 : 143 : 96 : 2300 : 24,800 : 74 =209 : 12,500
Average. ... iiimima-i---1anad 840 : 1,500 : 114 = 107 : 327 : 26,300 : 70 : 234 : 12,200
PHENOLIC-RESIN-iMPREGNAIED ASBESTOS FIBERS
2
Room temperature s 9.29 : 953 : 1,580 : 153 : 304 : =439 : 57,000 : 160 : 460 ¢ 32,500
DOu--vrenr-arncaes 9.30 3 990 : 1,856 : 244 @ 225 : %387 : 68,300 : 175 : 439 28,900
DO, . wcnrinrmrceeTeeacaibiar-aa-t 1,250 ta.e..oi 406 2 £598 : 55,400 : 192 : 455 ¢ 33,100
Do.i . vvavmi-a- tao....at 402 1 2524 1 64,400 :.......3 . e
. 281 : 2520 : 63,200 :....-
s 282 562 ¢ 63,200 t.iiiaacieciiiaiasiians
Average..s rui-a----- 9.30 ; 316 é562 : 61,900 : 176 : 451 @ 31,500
100° F., 100 percent: 8 8 B 8 I 8 8 H :
relative humidity g R 906 : 1,288 : 168 : 245 2 5456 : 42,900 ; 163 : 338 27,500
1900 0oooooklscooood S 524 932 : 97 : 277 : =455 ¢ 52,100 : 162 341 : 25,400
DOur vwvcmcarmanntanen.nni 976 ¢ 1,297 : 137 : 244 3 556 : 53,600 : 164 : 475 40,300
Do,--ccrariinni==t q s 326 ¢ 562 ¢ 42,900 : 196 453 : 35,600
MS00a0050000 08 cach : 28l ¢ 602 : 42,300 : 245 : 434 32,800
)27 Y noood g s 293 566 ¢ 37,800 ... .. ai-a-aieataenrs
AVETABE . +ranenseenenaieseent 802 1 1,172 ¢ 134 : 278 s 3572 45,300 ¢ 186 : 408 : 32,300
250° F. iy i H : 1,610 ¢ 101 : 278 %562 : 47,600 : 328 %92 8 9,180
250° F, TR H : 1,327 ¢ 107 : 161 : =650 : 54,000 : 24 3 %67 : 10,270
250° F. R R 739 : 1,275 : 83 1a-i..a.iaica-e-firaimar-rd 26 ¢ 262 9,640
AvErageasse sanninnnnsate h 767 3 1,404 97 ¢ 220 : 606 ¢ 50,800 : 27 74 ¢ 9,700
350° F. i .+ 690 :1,288: 8l : 18 : 243 : 3,880 : 16 : 2.8 ;4,680
350° F. s........ 887 11,300 : 95 : 16 : %43 s 3,770 ¢ 22 @ %48 : 3,850
350° F. 4% o 857 : 1,357 : 72 18 =35 : 3,010 : 20 : =41 ¢ 3,420
Average.... st insanadanesan Vi 811 : 1,315 : 83 : 17 & 40 ¢ 3,550 : 19 46 3,980
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Table 4,=--Pro) ertiesl

of reinforced

lastic honeycomb cores with 3/16-inch hexagonal

cells and _densities of 9 pounds per cubic foot (continued)

Properties : Core : Flatwise compression ; Shear parallel to :+ Shear perpendicular to
at - :densitys ' core ribbons (TL) H core ribbons (
H fmmr b mmsmmEmas §reo-—-—-d—==s=r=n-cr—--——= g Mr— - —tiamamremma-
H 1Propor- :Maximum:Modulus ; Propor-:Maximum: Shear sPropor-:Maximum: Shear
H stional :stress @ :tional sstress : modulus :tional $stress @ modulus
g tlimit : tlimit t Gy :1imit ¢ s GTw
H tstress ¢ H tatress H :stress ¢ H
--------------------- fmmmwrrm lmmmmm— fa-m—dmmlummme - fns—— -k Emmmmrr oo oL mam R oo o fAR s A m ey o o SRS
:Lb. per: P,8.i.: B.8.i.: 1,000 : P.s.4i.: P.g.i,: R.s.i, : P.s.i.: Pos.de: P.s.i.
scu. ft,: 3 t P.8.i.s 2 : 5 : s
SILICONE-RESIN- IMPREGNATED ASBESTOS FIBERS
2
Room temperature s 8.74 : 234 598 ¢ 119 232 : ;51& : 60,900 : s 273 ¢ 21,000
DOuvrvveninrea.aat 8.68 3 189 : 758 3 186 ¢ 116 : =423 : 50,000 ;: ¢ 271 ¢ 24,200
Do.. . ...t 8.65: 375 : 756 : 132 : 151 : 436 : 64,000 : : 252 : 18,000
Dousrn-- deaboanit BuBB fu.iaiaafao-n.iarieniaiaai 1343 484 50,300 : P
Do, .rarunn draaat B.79 8 ofg H .: 167 ¢ 442 : 49,000 : n8o redan 5
Do,y . Pleee it .t iieae.e--1 183 @ 442 ¢ 41,500 1. bt
e i Ceev.ui 8.70: 266 : 704 i 146 1 le4 : 2451 : 52,600 ¢ 100 : 265 : 21,100
100° F., 100 percent : H H H H H : H H H
relative humidity $,......2 278 : 618 ; 101 : 230 : 468 ¢ 58,400 : 73 ¢ 228 : 19,100
DO onoeoes e vneBeseseaa: 236t 61k : 76 : 178 : 416 3 53,600 ¢ 97 219 : 17,300
Do....-tiraa ~Ba s+ 223 : 606 : S7 : 164 : 427 : 56,000 : 98 216 : 17,600
AVerage ... vuraarn-antier of 246 3 613 : 78 : 191 : 437 :+ 56,000 ¢ 89 : 221 : 18,000
250° F, H Lt 242 : 382 : 40 : 97 3 2443 23,450 3 10 : 39 3,780
250° F. To.ea..as 293 ¢ 456 ¢ 59 4l 2.391 : 10,470 ¢ 24 ¢ 49 2,980
250° F, Toswnwend 207 3 w499 65 3 49 : £101 : 10,350 : 25 : 48 : 2,520
R ca g wd TS A 27+ 446 : S5 i 62 : 3244 : 14,760 : 20 : 45 1 3,090
350° F. H : 172 : 424 55 : 14 @ 252 :+ 10,050 : 14 251 : 3,060
350° F. Boooffoadd 2200: 368 : 34 16 : 252 : 8,960 : 10 : 235 : 2,970
350° F. . B 172 :+ 408 : 39 : 16 : 249 : 7,060 : 1 : =49 : 3,690
AVETABE e vt veiinensnivncnnns . 188: 400: 43 : 15 : 5L : 8,680 : 13 : 45 : 3,240
SILICONE-RESIN- IMPREGNATED GLASS FABRIC
Room temperature iva .1 2193 516 109 : 100 : 254 : 8,100 : 58 : 163 5,800
Do... iiea s 124 : 532 ¢ 261 : 100 : 254 : 9,000 59 : 138 : 4,100
IW90a 00 oonooa oo opobooooona : 278t 586t B89 fu.--eaifiaiceialeoooineiai 58 7 160 2 14,900
Average.....ieareinart 4g,520 1 207 1 540 ; 146 ; 100 : 254 : 8,550 ¢ 58 : 154 : 8,270
100° F., 100 percent : : : . . . . . . .
relative humidity : : 240 : 39 : 99 : 37 : 270 : 21,400 : 38 : 138 : 6,680
D g 235 ¢ 468 : 72 : 290 266 : 21,100 : 29 ¢ 131 6,800
Do...oooeoiaes 303 : 513 : 56 : 74 : 257 : 12,700 : 29 : 117 : 5,070
Dowiuunanninnnn fom aoeanloe . 58 : 242 : 16,200 : 46 : 129 3 5,570
o T t .t : 83 : 269 : 43,100 : 45 : 128 : 5,170
30000000000 00pslooaesgof ooosoocHeos oanaBoooeaaof 65 263 : 14,400 : 29 : 120 5,830
AverBge. e vesssoiatareoa. .t 259 ¢ 458 ¢ 76 59 261 ¢ 21,500 : 36 : 127 5,850
;ggn :. Juosddecs 170 = 230 ¢+ 25 : 24 %86 s 1,950 : 20 : 68 é 1,3%0
250° F' i :207 c....aiar 29 587 s 2,130 : 25 : 67 : 1,090
- e g : 224 : 18 ¢ 32 : %85 : 2,260 : 22 : 65 : 960
Average........._.__,-,,,_,_“; 131 ; 220 21 28 s 86 : 2,110 ; o ; - : 1,150
o
ggg° g. ""E 136 : 206 : 42 : 31 82 :+ 2,110 : 11 : 36 590
PO F. . 109 206 69 24 83 : 2,910 : 19 : 41 : 740
. .; 80 3 156 @ 29 Gasnemesteenrared onnmg s 20 ¢ 51 @ 1,420
Average. ... cuiiiiiicitarnnnan H 108 : 190 : 46 2B 82 2,510 16 ; 43 . 920
1 —

~Shear deformation measured with dial gage.

2
=Failure occurred in bond between core and loading plates.

3
“Average of specimens that failed in the core.

4
—Average of 10 values ranging from 7.80 to 8.91 pounds per cubic foot,
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Figure 2. -- Flatwise compression specimen with steel loading blocks
and deformation gage mounted in position,

Z M 121 458
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Figure 3, ~-Apparatus for shear test showing steel plates, specimen,
and dial arrangement for measuring deformation between plates.

ZM 107963
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Figure 4. --Shear specimen bonded between steel plates showing
the Marten's mirror apparatus for measuring displacement of
steel loading plates.

Z M 117 902
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compressive strenpth values of honeycomb cores of
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Figure &, --Comparison of TW shear modulus Gpy with
TIl. shear modylus Ggp, of expanded 5052H3% aluminum
heneycomb cores with hexagonal 1/4-inch cells, .

Keport Mo, 1887




800

700

Fro = HOW-80-

600 . . T/

500 T

(B3 1)}

120 —3

SHEAR STRENGTH

i Frw = 55 W-4¢

100 / i/

0 l
o 2 4 6 a 10
CORE DENSITY, W (LB. PER CU. FT.)

Figure 7. -- Minimum, average, and maximum shearing etrese
values for aluminum cores of 5052H39 alloy with 1/4-inch
hexagon-shaped cells.
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Figure 10, --Compressive stress-atrain design curve for aluminum
alloy G062HY? honeycamb core of 0. C02Z-inch perforated foil expanded

to 1f4-inch vells. .
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Figure I, - -Compressive stress-strain design curve for aluminem
alloy S052H2% honeycomb core of 0, 003 -inch perforated {oil expanded

to 1f/4-inch ceils.

Report Mo, 1887




1400 : ‘ P
1,200 /F
= {000
«»
N
e
&
l[i:'l 00
-
o
N
a 600
W / Fr= 1250 FRS.1,
Q £ = 670 PS.1.
3 Ey= 535,000 FS./.
S oo l
AVERAGE CORE DENSITY =
770 LB, PER CU. FT.
Eg{}' . |
0
o .00/ 0.002 0.003 0004

COMPRESSIVE STRAIN (INCH PER INCH)

Figure 12, --Compressive stress-strain design
curve for aluminum alloy 5052H39 honeycomb
core of 0. 004-inch -thick perforated foil
expanded Lo 1/4-inch cells.
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Figurg £3. --Shear stress-strain desipn curves for 5052H39 aluminum
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Figure 14.--Shear stress-strain design curves for 5052H39 alurminum
honeycomb core of 0. 002-inch foil expanded to 1f/4-inch cella,
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Figure 16. --Shear strces-strain design curves for 5052H39 aluminum honeycotmb
core of 0.004-inch [oil expanded to 1/4-inch cella. .
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